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162a Sunday, February 16, 2014RLC core and the dynamic PD. Smooth muscle RLC assumes two structural
states in both states of activation: phosphorylation shifts the equilibrium of
these two structural states from primarily occupying the compact closed state
to favoring the extended open state of the PD, relative to the RLC core.
Compared to single-headed S1 (Kast et al., PNAS., 2010), the open state
RLC conformation of unphosphorylated HMM is more compact, presumably
due to head-head or RLC-RLC interactions. All-atom MD simulations
corroborate our TR-FRET studies, and reveal specific salt-bridges that stabi-
lize each structural state. The hypotheses generated from our MD simulations
are being tested experimentally by TR-FRET via site-directed mutagenesis to
manipulate charge. These studies offer the first atomic-resolution insight into
the structural dynamics of RLC phosphorylation, and a similar approach
should be applicable to striated muscle. Spectroscopy was performed in the
Biophysical Spectroscopy Center at the University of Minnesota. This
work was funded by NIH grants to DDT (R01 AR32961, P30 AR0507220,
T32 AR007612).
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We have used site-directed labeling with pulsed dipolar electron-electron para-
magnetic resonance (DEER) and time-resolved FRET (TR-FRET) spectros-
copies to resolve the structure and dynamics of myosin binding protein-C
(MyBP-C)’s cardiac isoform, with implications for the pathophysiology of hy-
pertrophic cardiomyopathy (HCM). N-terminal cMyBP-C domains C0 through
C2 contain binding regions for several muscle protein interaction partners,
including myosin heavy chain subfragment 2 (S2), the actin filament, the reg-
ulatory light chain (RLC), and Ca2þ-calmodulin (CaM). We previously deter-
mined the cMyBP-C-induced changes in actin torsional dynamics (Colson et
al., Proc Natl Acad Sci USA. 2012 Dec 11; 109(50): 20437-42), and now extend
our spectroscopic assays for microsecond protein motion to include distance
detection via probes on cMyBP-C itself. We engineered intramolecular pairs
of labeling sites within either cMyBP-C or CaM to measure, with high resolu-
tion, distance and disorder between either protein’s flexible and dynamic re-
gions using DEER and TR-FRET. Changes in distance and disorder were
assessed for labeled proteins free in solution and when bound to an interaction
partner (e.g., labeled-cMyBP-C titrated with unlabeled S2 or actin, or labeled-
CaM titrated with unlabeled cMyBP-C). Understanding conformational transi-
tions in the flexible and dynamic portions of cMyBP-C and CaM provides new
molecular insight into defining cMyBP-C’s modulatory role in cardiac muscle
force development. Acknowledgments: Spectroscopy was performed in the
Biophysical Spectroscopy Center at the University of Minnesota, with assis-
tance from Fluorescence Innovations, Inc. (Greg Gillispie, President). This
work was funded by an American Heart Association postdoctoral fellowship
to BAC and NIH grants to DDT (R01 AR32961, P30 AR0507220, T32
AR007612).
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We used time-resolved fluorescence quenching measurements to determine
the effects of three cardiomyopathy-causing myosin essential light chain
(ELC) mutations (E143K-, M149V, and R154H) on the structure of myosin
in muscle fibers. These ELC mutations cause familial hypertrophic cardiomy-
opathy (FHC) in humans. A cysteine at C187 in the ventricular ELC was
labeled in the absence (wildtype) and presence of the ELC mutations, with
a fluorescent probe, called IAEDANS. The labeled ELCs were then be sepa-
rately reconstituted into ELC-depleted skeletal muscle fibers. Acrylamide
was used as a ‘‘quencher’’ to determine whether the ELC mutation changes
the environment of the probe in rigor, relaxing, and isometrically contracting
muscle fiber bundles. Time-resolved emission lifetimes were acquired as a
function of [acrylamide] for the wildtype and the ELC mutants in the muscle
fibers. The fluorescence lifetime of the probe will decay faster when it
is exposed to the acrylamide on the surface of the protein than when it is
more-buried in the protein interior. We determined that the ELC mutants
perturbed the extent of acrylamide quenching in rigor, relaxing, and contract-
ing muscle fiber bundles compared to fiber bundles with the wildtype ELC,
suggesting that the ELC mutations induced structural changes to exposethe probe to the solvent. This research is significant to understanding
how myosin dysfunction is correlated with the phenotype of the FHC dis-
ease. Fluorescence spectroscopy was performed at the Biophysical Spectros-
copy Center at the University of Minnesota, with assistance from
Fluorescence Innovations, Inc. (Greg Gillispie, President). This research
was supported by a NIH grant (AR052360) to OR and UofMn UROP fellow-
ships to RJP.
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Plectin is the prototype of an intermediate filament (IF)-based cytolinker pro-
tein. It affects cells mechanically by interlinking and anchoring cytoskeletal
filaments and acts as scaffolding and docking platform for signaling proteins
to control cytoskeleton dynamics. We compared the biomechanical properties
and intrinsic mechanical stress response changes in immortalized plectin-
deficient(-) mouse myoblasts, keratinocytes, and endothelial cells with wild-
type(þ) cells. Using a magnetic tweezer, the cell stiffness was in plectin(þ/-)
cells of the following order: endothelial cells>keratinocytes>myoblasts. The
changes between plectin(þ) and plectin(-) cells showed for myoblasts around
50% reduction in stiffness, whilst between plectin(þ/-) endothelial cells and
keratinocytes the changes were insignificant. The tractions force changes
correlated with the stiffness in myoblasts. Endothelial(þ) compared to plec-
tin(-) cells showed around 50% reduction in contractile forces, whilst forces
in kerationocytes remained the same in plectin (þ/-) cells. The binding
strength was highest in myoblasts(þ) and dropped in plectin(-) cells by
60%, but remained the same in plectin(þ/-) endothelial cells and keratino-
cytes. Using a cell stretcher, wildtype myoblasts showed higher vulnerability
compared to plectin(-) cells upon external stress, which is probably due to
higher cellular prestress. In contrary, the vulnerability of endothelial(þ) cells
was 50% lower compared to plectin(-) cells, and keratinocytes showed no
change between plectin(þ/-) cells. The cytoskeletal dynamics in all plectin(þ)
cells was similar and no significant change was observed in plectin(-)
keratinocytes and endothelial cells, except in myoblasts, indicating that the
lack of plectin might be detrimental to cellular cytoskeletal structures. Our ex-
periments provide first mechanical evidence that plectin fulfills different func-
tions in various cell types, i.e. altered colocalization of the plectin in IF,
microtubules, hemidesmosomes. In what way cellular signaling as well as
cytoskeletal restructuring and reorganization processes are involved is still
an open question.
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Biomolecular bonds in focal adhesion and the actin cytoskeleton experience
dynamic forces over time and the history of force loading could serve as me-
chanical preconditioning. Force-dependence of mean lifetime was observed
in G-actin/G-actin (GG) and G-actin/F-actin (GF) dissociation, which was a
biphasic transition from a catch bond to a slip bond. In the interaction of integ-
rin/fibronectin, application of cyclic forces significantly prolonged bond life-
time. Therefore, we investigated actin depolymerization under a range of
dynamic force environments.
A custom-made atomic force microscopy and force-clamping procedures were
used. To mimic dynamic force, cyclic forces were applied with peak forces of
10-30 pN, and minimum forces of 5-8 pN. 1.5, 2.5 and 3.5-cycles with a 10-12
pN peak force were also applied. To investigate polarity of interactions, barbed
and pointed ends were distinguished by adding capping proteins, CapZ to block
the barbed end and Tmod3 for the pointed end.
After applying cyclic forces, the post-conditioning average lifetimes of GG
interaction were significantly prolonged (3-18 fold) at low force range (5-10
pN), instead of reverting instantly to a low affinity state. The lifetime distribu-
tions switched from a one-state to a two-state dissociation. In the GF interac-
tions, at the pointed end, the bond lifetimes were significantly prolonged
(6-30 fold) and exhibited two-state dissociation kinetics similar to the GG
interactions. On the other hand, the effect of cyclic mechanical reinforcement
(CMR) was significantly suppressed at the barbed end.
Sunday, February 16, 2014 163aOur study demonstrated that actin depolymerization kinetics are force-history
dependent and that mechanical preconditioning by cyclic force loading signif-
icantly enhances bond strength in actin/actin interactions. We hypothesize that
this CMR is an important regulatory mechanism underlying cytoskeletal dy-
namics by affecting the actin depolymerization kinetics and more effective
than the traditional catch bond.
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In the Saccharomyces cerevisiae glycolytic pathway, eleven enzymes catalyze
the stepwise conversion of glucose to 2 molecules of ethanol plus 2 CO2s. In the
highly crowded cytoplasm, this pathway would be very inefficient if it were
dependent on substrate/enzyme diffusion. Therefore, the existence of a multi-
enzymatic glycolytic complex has been suggested. This complex likely uses
the cytoskeleton to stabilize the interaction of the different enzymes. Here,
the role of filamentous actin (F-actin) in the stabilization of a putative glyco-
lytic metabolon is reported. Experiments were performed in isolated-enzyme/
actin mixtures, in cytoplasmic extracts and in permeabilized yeast cells. Poly-
merization of actin was promoted with phalloidin or inhibited with cytochalasin
D or latrunculin. The polymeric, filamentous F-actin, but not the monomeric,
globular G-actin, stabilized both the interaction of isolated glycolytic-
pathway enzyme mixtures and the whole fermentation pathway, leading to
higher fermentation activity. The associated complexes were resistant against
inhibition, either by viscosity (promoted by the disaccharide trehalose) or by
inactivation (by specific enzyme antibodies). In S. cerevisiae a glycolytic me-
tabolon seems to assemble in association with F-actin. In this complex fermen-
tation activity is enhanced and enzymes are partially protected against
inhibition by trehalose or by antibodies.
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Matrix adhesions provide critical signals for cell growth or differentiation.
Adhesion formation depends upon a number of steps that follow integrin bind-
ing to matrix ligands. In an early step, integrins form clusters that support actin
polymerization by an unknown mechanism. This raises the question of how
actin polymerization occurs at the integrin clusters. We report here that a major
formin in mouse fibroblasts, FHOD1 is recruited to integrin clusters, resulting
in actin assembly. Using cell-spreading assays on lipid bilayer, solid substrates
and high-resolution force sensing pillar arrays, we find that knockdown of
FHOD1 impairs spreading, coordinated application of adhesive force and adhe-
sion maturation. Finally we show that targeting of FHOD1 to the integrin sites
depends on the direct interaction with Src family kinases, and is upstream of the
activation by Rho Kinase. Thus our findings provide novel insights into the
mechanisms of cell migration with implications for development and disease.
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Cofilin binds to actin filaments and severs them. Previous electron micro-
scopic studies showed that bound cofilin forms clusters along actin filaments,
accompanying supertwisting of the helix (McGough et al., 1997; Galkin et al.,
2011). More recent fluorescence microscopic observation revealed that
severing of actin filaments occurs at or near the boundary between the cofilin
cluster and the bare zone of the filament (Suarez et al., 2012), leading to the
hypothesis that structural discontinuity of the filament results in severing.
However, the spatial resolution of fluorescence microscopy was insufficient
to prove this model unequivocally. To address this and related issues, we at-
tempted to directly image cofilin binding to actin filaments, supertwisting of
the helix and subsequent severing of the filaments by high speed atomic forcemicroscopy (HS-AFM), a powerful technique as has been demonstrated previ-
ously (Kodera et al., 2010). Skeletal actin filaments in F-buffer, pH 6.8, were
allowed to adhere to a mica surface covered fully with lipid membrane doped
with 5-10 % of cationic DPTAP lipid. His-tagged human cofilin was then
added and HS-AFM was performed. The cationic lipid membrane immobi-
lized actin filaments sufficiently firmly to withstand tapping by the AFM
probe, while allowing the filaments to change the helical pitch, so that we
were able to observe binding of cofilin to actin filaments as detected by in-
crease in filament height, formation and growth of cofilin clusters, changes
of the helical pitch by measuring the crossover length, and subsequent
severing of the filament near the boundary of the cofilin cluster. We are
currently gathering and analyzing more data, with the aim of establishing
the relationship among formation of cofilin clusters, changes in helical pitch
and the severing of filaments with a spatiotemporal resolution of several nm
and sub-seconds.
827-Pos Board B582
Role of Serum Response Factor as in the Mechanotransduction of the
Muscle Cell
Lorraine Montel1, Athanassia Sotiropoulos2, Sylvie He´non1.
1Complex Systems and Materials, University Paris Diderot, Paris, France,
2Institut Cochin, Inserm, CNRS, University Paris Descartes, Paris, France.
In presence of a mechanical overload, our muscles grow, while immobilization
leads to their atrophy. This reveals the translation within the muscle of a me-
chanical signal into a biochemical and genetic program. In a search for factors
involved in controlling muscle mass in response to work load, recent findings
identified the transcription factor Srf (Serum Response Factor) and its cofactor
MRTF-A (also named MAL or MKL-1), which have been shown to be neces-
sary for mechanically induced hypertrophy and atrophy in mice. The nuclear or
cytoplasmic localization of MRTF-A in the muscle cell is actin dependent: the
recruitment of monomeric actin in filaments allows MRTF-A accumulations in
the nucleus, where it can bind SRF.
In order to better characterize the inter-relations between Srf and mechano-
transduction in muscle cells, we used stretchable substrates to apply in vitro
controlled global strains on myoblasts transfected with MRTF-A-GFP. We
have looked at the effect of actin overexpression on the localization of actin,
and at the evolution of MRTF-A localization in cells in response to a constant
strain. While the overexpression of actin leads to a more frequent cytoplasmic
localization of MRTF-A, a moderate strain leads to an accumulation of MRTF-
A in the nucleus within two hours, whereas a high strain leads to MRTF-A
expulsion from the nucleus. In order to explain those results, we studied the
evolution of the ratio between filamentous and monomeric actin through
time in the same experimental conditions.
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Parts of the cytoskeleton that are composed of actin are organized into filamen-
tous cross-linked meshworks and bundles, which facilitate numerous cellular
processes like cell migration, adhesion or cellular trafficking, to name a few.
Actin bundles integrated into the cytoskeleton are key components for force
generation and for reinforcing the cell against mechanical stress. From in
vivo studies, the filamentous actin structures have been found to be among
the most pressure sensitive assemblies. Already in 1966, Ikkai and Ooi reported
a strong sensitivity of cellular F-actin towards high hydrostatic pressure (HHP),
which depends on the presence of ATP and divalent cations. Details about the
thermodynamics and structural changes of the pressure-modulated G to F and F
to G transition and HHP effects on actin suprastructures like networks and bun-
dles are largely unknown, however. To shed more light on the stability profile
of G-, F- and bundled actin, a variety of spectroscopic, microscopic and calo-
rimetric methods was applied. The designed experiments reveal deeper insights
into the structural and thermodynamic properties of these actin species over a
wide range of temperatures and pressures. A complete p,T-phase diagram,
complemented by species-specific thermodynamic parameters, could be ob-
tained, leading to a deeper molecular-level understanding of G-, filamentous
and bundled actin, also at extreme environmental conditions.
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Ovarian cancer is one of the most deadly malignancies in women owing to
diagnosis at an advanced stage. A major limiting factor in treating
